Molecular dynamics simulation of winter flounder antifreeze protein variants in solution: correlation between side chain spacing and ice lattice.
The solution structure of the 38 amino acid C-terminal region of the precursor for the HPLC-6 antifreeze protein from winter flounder has been investigated with molecular dynamics using the AMBER software. The simulation for the peptide in aqueous solution was carried out at a constant temperature of 0 degree C and at atmospheric pressure. The simulation covered 120 ps and the results were analyzed based on data sampled upon reaching a stable equilibrium phase. Information has been obtained on the quality of constant temperature and pressure simulations, the solution structure and dynamics, the hydrogen bonding network, the helix stabilizing role of terminal charges and the interaction with the surrounding water molecules. The Lys18-Glu22 interactions and the terminal charged residues are found to stabilize a helical structure with the side chains of Thr2, Thr13, Thr24 and Thr35 equally spaced on one side of the helix. The spacing between oxygen atoms in the hydroxyl group of the threonine side chains exhibits fluctuations of the order of 2-3 A during the 120 ps of simulation, but values simultaneously close to the repeat distance of 16.6 A between oxygen atoms along the [0112] direction in ice are observed. Furthermore, two engineered variants were studied using the same simulation protocol.